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ABSTRACT 
A q u a r t e r  s c a l e  model of  t h e  s o l a r  a r r ay  was f a b r i c a t e d  during t h i s  
r epor t ing  per iod .  
i s t i c s  t h a t  could be improved. Prel iminary design drawings a r e  being 
r e v i s e d  and support ing analyses  modified accordingly.  
demonstrations model is i n  process of  cons t ruc t ion ,  incorpora t ing  t h e  
design r e v i s i o n s  being performed. A f u l l  s c a l e  wrap drum with repre-  
s e n t a t i v e  wraps o f  t h e  s e l e c t e d  s u b s t r a t e  ma te r i a l s  and a s imulated 
s o l a r  cell  i n s t a l l a t i o n  was subjec ted  t o  v i b r a t i o n  t e s t i n g .  Weight 
c a l c u l a t i o n s  have been r ev i sed  t o  r e f l e c t  t h e  est imated e f f e c t s  of  
d e t a i l  design changes. 
now p ro jec t ed  as capable of  producing 31.48 watts p e r  pound o f  weight.  
Demonstrations revea led  two func t iona l  cha rac t e r -  
A f u l l  s c a l e  
Performance o f  t h e  s o l a r  a r r a y  design i s  
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1 . 0  INTRODUCTION 
This Third Quarter ly  Report is submitted by t h e  Ryan Aeronautical  Company 
t o  t h e  Je t  Propulsion Laboratory i n  accordance with A r t i c l e  I ,  Item (a) 
(2) ( i v )  and A r t i c l e  11, Item (a] ( 5 )  ef Ccntract Nc. 951971. The ---- I Cprt 
p resen t s  a summary o f  work accomplished from 1 January through 31 March 1968. 
The d i scuss ion  presented h e r e i n  r epor t s  t h e  c o l l e c t i v e  e f f o r t s  o f  Ryan and 
i t s  a s s o c i a t e  c o n t r a c t o r ,  Spectrolab Division o f  Textron E lec t ron ic s ,  Inc .  
The d a t a  desc r ibes  modif icat ions t o  t h e  drum support  and d r i v e  system con- 
cep t s  and r e p o r t s  on progress made i n  t h e  f a b r i c a t i o n  o f  a f u l l  s c a l e  demon- 
s t r a t i o n  model o f  t h e  s o l a r  array. 
1 
2 . 1  DESIGN 
2.0 TECHNICAL DISCUSSION 
A quar t e r  scale working model o f  t h e  250 square foot  a r ray  was f a b r i c a t e d  
t o  s u b s t a n t i a t e  t he  funct ional  c h a r a c t e r i s t i c s  o f  t h e  f u l l  s i z e  model 
(see Figure 1 ) .  
Figure 1 Rollout Solar Array - Quarter Scale  Model 
2 
' 0  
Demonstration and observation of t h e  model proved the  concept o f  t h e  
synchronized beam d r i v e .  Numerous deployments and r e t r a c t i o n s  were 
made with no apparent tendency f o r  e i t h e r  beam o r  s u b s t r a t e  t o  move out 
o f  phase or t o  rack d iagona l ly .  I t  was evident t h a t  two f e a t u r e s  of  t h e  
model could be  improved by modif icat ion and the  decis ion was made t o  i n -  
co rpora t e  t h e s e  improvements i n t o  t h e  design of  t h e  proposed f l i g h t - t y p e  
model. 
demonstration model t h a t  i s  being f a b r i c a t e d .  
The design changes w i l l  a l s o  be accomplished i n  t h e  f u l l  scale 
2.1.1 Mechanical/Structural  
The two features considered for change are:  (1) t h e  wrap drum support ,  
(suspension and s l i d e  system) and (2) t h e  wrap tensioning system. 
2 . 1 . 1 . 1  Wrap D r u m  Support 
In  ope ra t ion  of t h e  model it was apparent t h a t  an improved method was 
needed t o  maintain uniform drum con tac t  with both t h e  d r i v e  and i d l e r  
ro l l e r s .  
r e s t r i c t e d  t o  a f ixed  l i n e  o f  t r a v e l  by t h e  s p i n d l e  s l i d e  without oppor- 
t u n i t y  t o  maintain t h e  c r i t i c a l  tangency po in t  with t h e  d r i v e  r o l l e r .  
The s o l u t i o n  was t o  e l i m i n a t e  the i d l e r  r o l l e r  and move t h e  s l i d e  mecha- 
nism i n t o  a v e r t i c a l  p o s i t i o n  with i t s  c e n t e r  passing through t h e  d r i v e  
r o l l e r  . 
The problem occurs because t h e  movement of  t h e  drum center i s  
The s l i d e  mechanism was a l t e r e d  t o  incorpoate  four  hardened s t e e l  r o l l e r s  
working i n  a hardened s t ee l ,  channel-shaped t rack .  As a r e s u l t  o f  moving 
t h e  s l i d e  mechanism t o  t h e  v e r t i c a l  p o s i t i o n  it was p o s s i b l e  t o  reduce 
t h e  s i z e  of t h e  s t r u c t u r e  and s implify cons t ruc t ion .  
By e l imina t ing  t h e  b e l t  p u l l e y  on t h e  end o f  t h e  d r i v e  s h a f t ,  it was poss i -  
b l e  t o  s implify t h e  l i m i t  switch mechanism and contain it i n  a more compact 
manner. 
t h e  d r i v e  s h a f t  and i s  actuated through a p a i r  o f  bevel gears  i n s t e a d  
o f  t h e  cog b e l t  as previously proposed. 
The r o t a r y  l i m i t  switch i s  now loca ted  d i r e c t l y  off  t h e  end of 
2 . 1 . 1 . 2  Wrap Tensioning System 
The wrap tensioning system, conceived t o  be  simple i n  funct ion,  demonstra- 
t e d  c e r t a i n  d e f i c i e n c i e s .  
was t h e  expandable sp r ing  b e l t .  
torque t o  t h e  drum due t o  i t s  expandable n a t u r e .  
i n i t i a l  s l ackness  i n  t h e  first wrap. 
One of t h e  p r i n c i p a l  problems with t h e  system 
On r e t r a c t i o n  i t  d i d  not  provide i n s t a n t  
This r e s u l t e d  i n  some 
In  t h e  extension mode it was evident t h a t  t h e  d r i v e  system needed some 
means o f  r e t a r d i n g  t h e  drum t o  prevent overrun o f  t h e  wrapped beams. 
s t o r e d  energy was working t o  r e l i e v e  i t s e l f  by uncoi l ing t h e  beams. 
Their  
These d e f i c i e n c i e s  prompted a decis ion t o  r e v e r t  t o  t h e  o r i g i n a l  t ens ion ing  
system first  proposed t o  JPL. This concept incorporated a s e p a r a t e  t ens ion -  
i n g  and wrap motor, mounted d i r e c t l y  t o  t h e  drum s p i n d l e  on t h e  s l i d e  b lock ,  
A d e s c r i p t i o n  o f  t h e  system follows. 
The deployment and r e t r a c t i o n  motors work i n  unison, on both deployment 
and r e t r a c t i o n  cyc le s ,  through an e l e c t r o n i c  sensing system t h a t  c o n t r o l s  
power t o  each motor. 
is commanded, both deployment and r e t r a c t i o n  motor are energized. 
adjustment of  cu r ren t  input  t h e  deployment motor i s  t h e  s u p e r i o r  f o r c e  and 
beam and s u b s t r a t e  deployment takes p l a c e  b u t  a lagging a c t i o n  occurs with 
t h e  r e t r a c t i o n  motor imposing a drag on t h e  deployment motor. 
t h e  effect  of a braking a c t i o n  on t h e  drum and prevents unwinding because 
of t h e  s t o r e d  energy i n  t h e  beams. 
This system i s  designed such t h a t ,  when deployment 
By 
This has 
In t h e  r e t r a c t i o n  mode both motors are energized bu t  t h e  deployment motor 
i n  t h i s  case i s  c o n t r o l l e d  t o  lag t h e  wrap motor, thus producing t ens ion  
i n  t h e  wraps. 
r e g u l a t e s  c u r r e n t  input  t o  t h e  motors. 
concur ren t ly ,  e l imina t ing  a need f o r  a drag brake mechanism. 
act as locks when cu r ren t  i f  o f f .  
The e l e c t r o n i c  sensing system cons tan t ly  monitors load and 
This system has both motors working 
The motors 
4 
A redundant release c lu t ch  and a one way d r i v e  c l u t c h  is  incorporated 
i n t o  t h e  r e t r a c t i o n  motor mounting. 
a r r a y  t o  ope ra t e  with a f a i l e d  r e t r a c t i o n  motor. 
t i o n  motor might f a i l  t o  act as a b rake ,  t h e  a r r a y  could be extended by 
t h e  main deployment motors overriding t h e  release c l u t c h ,  causing it  t o  
s l i p .  
t h e  one way d r i v e  c l u t c h  would overrun and allow t h e  drum t o  t u r n .  
t h i s  event ,  t i g h t  wraps would not n e c e s s a r i l y  be assured.  
c l u t c h  also serves as a safety measure t o  prevent damage t o  t h e  beam 
d r i v e  s t r i p  corrugat ions should the d r i v e  and wrap motors ever  be out 
of  phase.  
Their  funct ion is t o  permit t h e  
Even though t h e  retrac- 
On r e t r a c t i o n  t h e  deployment motors r eve r se  and r e t r a c t  t h e  u n i t ;  
In 
The r e l e a s e  
Redundancy i n  t h e  d r i v e  system i s  maintained i n  t h e  deployment mode by 
employing double motors working through a d i f f e r e n t i a l  gearbox. 
Figure 2 shows t h e  modified array as discussed i n  Sect ions 2 . 1 . 1 . 1  and 
2.1.1.2.  
2 . 1 . 2  Electrical Design 
The e lec t r ica l  design f o r  t h e  solar c e l l  i n s t a l l a t i o n  and i t s  e l e c t r i c a l  
c i r c u i t r y  has not  changed from the  concept previously reported.  No f u r -  
t h e r  changes or modif icat ions are contemplated i n  t h e  Phase I e f f o r t .  
The changes which have been made i n  t h e  a r r a y  deployment d r i v e  and t en -  
s i o n i n g  system have r e s u l t e d  i n  r e l o c a t i n g  t h e  power t r a n s f e r  s l i p  r i n g s  
( a r r a y - t o - s p a c e c r a f t ) .  Previous r e p o r t s  have shown t h e  e l e c t r i c a l  power 
r o t a r y  coupling at  t h e  same end o f  t h e  drum as t h e  d r i v e  motor i n s t a l l a -  
t i o n .  
end of t h e  drum s o  t h a t  t h e  new r e t r a c t i o n  motor i n s t a l l a t i o n  and t h e  
e x i s t i n g  d r i v e  motors a r e  toge the r  a t  t h e  same end of t h e  wrap drum. 
Power c o l l e c t i o n  and lead-out w i l l  be r e loca ted  t o  t h e  opposi te  
5 
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Figure 2 Rollout So la r  Array - Modified D r u m  Support 
and Tensioning Concept 
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Addit ional  t e s t i n g  was completed i n  t h i s  pe r iod  t o  eva lua te  adhesive pro- 
p e r t i e s ,  s u b s t r a t e  edge attachment s t r e n g t h  and f a b r i c a t i o n  methods. 
method of  s i l v e r  p l a t i n g  aluminum conductors t o  develop s o l d e r a b i l i t y ,  
was inves t  i g a t  ed . 
A 
Af te r  Test  
(grams 1 
12.7801 
2.1.3.1 Adhesive Systems 
12.7155 
12.8041 
Thermal vacuum t e s t s  on var ious adhesives were presented  i n  the  F i r s t  
Quar te r ly  Report (Reference 1, page 154) .  Evaluat ion of  RTV 3145 was 
conducted i n  t h i s  per iod  using the  same t e s t  method repor ted  i n  t h e  
re ferenced  document i n  order  t o  include a l l  candidate  adhesives i n  t h e  
tes t  group. 
from -195OC t o  1 4 O o C  a t  1 x 10 
t u r e  s t a b i l i z a t i o n  dwell a t  t h e  extreme temperatures .  
decrease i n  t e n s i l e  s t r e n g t h  p rope r t i e s  o f  t h e  adhesives when compared 
t o  con t ro l  samples. 
t h e  t a b l e  presented  i n  Reference 1, page 156. 
Tens i l e  specimens o f  RTV 3145 were sub jec t ed  t o  t e n  cyc les  
7 Torr ,  with a 90 minute cyc le  and tempera- 
There was no 




RESULTS OF THERMAL VP.CUUM TESTS ON VARIOUS ADHESIVES 
Sample No 
22 Contro 
2 3  
24 
25 Contro 









Tens i le  Strength 





* A i r  bubbles i n  specimen 
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2.1.3.2 Subs t r a t e  Edge Attachment 
Tests were conducted t o  measure j o i n t  s t r e n g t h  and f a i l u r e  modes of t h e  
beam t o  s u b s t r a t e  edge attachment. Tens i l e  s h e a r  specimens of  s i l i c o n e  
rubber coated g l a s s  c l o t h ,  bonded t o  t i t an ium and t o  Kayton, were pre-  
pared using RTV 3145 adhesive.  Both Cohr l a s t i c  1007 coated c l o t h  and 
Cohr l a s t i c  1005 coated one s i d e  c l o t h  were evaluated.  Specimens were 
1.0 inch wide with 0.5 inch overlap.  
s h e a r  s t r e n g t h  of over 100 p s i  can be  achieved with a f a i l u r e  mode 
cha rac t e r i zed  by sepa ra t ion  of the s i l i c o n e  coat ing from t h e  c l o t h  f i b e r s  
The r e s u l t s  of  t h e s e  tes ts  a r e  presented i n  Tables 2 and 3 .  
The t e s t s  i n d i c a t e  t h a t  a t e n s i l e  
TABLE 2 
TENSILE SHEAR STRENGTH OF SILICONE RUBBER COATED CLOTH 
TO TITANIUM BONDS WITH RTV 3145 
Description 
C o h r l a s t i c  1007 
C o h r l a s t i c  1007 
C o h r l a s t i c  1005 
coated surface 
C o h r l a s t i c  1005 
g l a s s  f i b e r  s u r -  
face 
C o h r l a s t i c  1005 








T i t  a n i  um 
1200 on 
Titanium 
and g l a s s  
f i b e r  
Shear Strength (ps i )  






Fa i lu re  Mode 
S i l i c o n e  coat ing 
t o  c l o t h  
S i l i c o n e  coat ing 
t o  c l o t h  
S i l i c o n e  coat ing 
t o  c l o t h  
RTV 3145 t o  
c l o t h  
Tens i l e  f a i l u r e  
o f  g l a s s  c l o t h  




TENSILE SHEAR STRENGTH OF SILICONE RUBBER COATED CLOTH 
TO KAPTON BONDS WITH RTV 3145 
I Descript ion 
C o h r l a s t i c  1007 
C o h r l a s t i c  1007 
C o h r l a s t i c  1005 
coated surface 
C o h r l a s t i c  1005 
f i b e r  s u r f a c e  
P r i m e r  
None 
90 - 198 
on Kapton 
90 - 198 
on Kapton 
90 - 198 
on Kapton 
Shear Strength ( p s i )  





7 Fa i lu re  Mode 
I 
I RTV 3145 t o  
Kapton 
S i l i c o n e  coat ing 
t o  c l o t h  
S i l i c o n e  coa t ing  
t o  c l o t h  
RTV 3145 t o  
c l o t h  
I t  can be seen from t h e  above r e s u l t s  t h a t  t h e  use of primer 90-198 (Dow- 
Corning) on t h e  Kapton su face  did not improve t h e  bond s t r e n g t h  between t h e  
RTV 3145 and t h e  Kapton. I t  was a l s o  found t h a t  h ighe r  bond s t r e n g t h s  are 
obtained i f  coated one s i d e  cloth i s  used and t h e  bond is  made t o  t h e  un- 
coa ted  s i d e  o f  t h e  c l o t h .  
2 .1 .3 .3  Plating. Method for Aluminum B u s  Bar 
The design of t h e  a r r a y  requires  e l e c t r i c a l  connections t o  be made t o  t h e  
aluminum bus by s o l d e r i n g .  
considered.  
face, only i n  t h e  areas t o  be soldered.  
s o l d e r i n g  and desolder ing so that rework can be performed i f  r equ i r ed .  
A s i l v e r  c l a d  aluminum f o i l  has been previously 
However, it would be d e s i r a b l e  t o  provide a s i l v e r  p l a t e d  s u r -  
The s u r f a c e  should be  capable of 
Tes t  samples c o n s i s t i n g  o f  a sheet o f  aluminum bonded between two s h e e t s  
of Kapton were prepared with s l o t s  two inches long by 1/4-inch wide, pro-  
vided i n  t h e  Kapton. The aluminum connection areas, were brush-plated 
9 
using Se lec t ron  No. 2 Ac t iva to r ,  Se l ec t ron  ac id  high speed copper and 
Se lec t ron  s i l v e r  p l a t i n g  s o l u t i o n .  Copper f o i l  s t r i p s ,  1/8-inch wide 
by 0.0015-inch t h i c k  were soldered t o  t h e  p l a t e d  s u r f a c e  using Kester 
1544 f l u x  and SN-63 s o l d e r .  
aga in ,  as noted,  and p u l l  tests performed as shown i n  Table 4 .  
The s t r i p s  were desoldered and so ldered  
TABLE 4 









Pla t ing  Process 
A c t  i vat o r / s  i l v e r  
A c t i v a t o r / s i l v e r  
A c t i v a t o r / s i l v e r  
Act i va t  or /copper/  
s i l v e r  
Act iva tor /  coppe r/ 
s i l v e r  
Act ivator /copper/  
s i l v e r  
A c t  iva t  or/copper/  
s i l v e r  
So 1 der/ Des o l  de r  
Cycles 
~ ~~ 
Peel S t rength  
( l b s / i n .  width 
4.5 
4.9 
2 . 1  
5 . 3  
6 .8  
3 . 1  
3.6 
1 
Fa i lu re  Mode 
Silver-aluminum 
s epa ra t  ion  
Silver-aluminum 
s epa ra t  ion  
Silver-aluminum 
sepa ra t ion  
Copper- aluminum 
s ep ar  at  i on 
Copper-aluminum 
sepa ra t ion  
Aluminum t o r e  
Copper- a1 uminum 
sepa ra t ion  
The tests i n d i c a t e  e i t h e r  of t h e  two p l a t i n g  systems provide acceptable  
adhesion.  The Act iva tor /copper / s i lver  system is p r e f e r r e d .  
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2 . 2  TECHNICAL SUPPORT 
(1) Deployment Retract ion System* 
( 2 )  Beam Guide Sleeves 
(3) Guide Sleeve Mount (15% o f  1.564) 
a 
Analysis performed during t h i s  report ing pe r iod  i s  discussed i n  t h i s  
s e c t i o n .  O f  primary concern during t h e  pe r iod  were (1) t h e  effect  of 
r e p o s i t i o n  o f  t h e  wrap drum axis with r e s p e c t  t o  t h e  mount b o l t  p a t t e r n ,  
(2) deployed dynamic considerat ions and (3)  determination of  stowed 
panel dynamic c h a r a c t e r i s t i c s  by t e s t .  
2.2.1 D r u m  Support and Guide Sleeve Mount Dynamic Analysis 
The redesign o f  t h e  a u x i l i a r y  dr ive system and t h e  changing of  p o s i t i o n  
o f  t h e  spacec ra f t  mount a t t a c h  b o l t s  has a l t e r e d  t h e  mounting dynamics. 
The drum and beam guide f i t t i n g ,  and dynamic i d e a l i z a t i o n  is  shown i n  
Figure 3. 
support  f i t t i n g  with two sprung masses. 
drum and drum supported masses (point llF'l) and t h e  second is t h e  d r i v e  
system and beam guide s t r u c t u r e  masses (point  ' 'Al l ) .  A l l  s t i f f n e s s  assump- 
t i o n s  are considered minimum f o r  conservat ive purposes.  
This s e c t i o n  is concerned with t h e  dynamic response of  t h i s  
The upper sprung mass i s  t h e  
The weight of t h e  sprung masses t o  be  used are as follows, based on weights 
submitted i n  t h i s  r e p o r t .  




TOTAL 6.308 pounds 
Since during dynamic displacement both ends o f  t h e  mounting system w i l l  
b e  i n  phase, due t o  attachment through t h e  d r i v e  s h a f t  and t h e  drum, 50% 
of t h e  weight w i l l  be d i s t r i b u t e d  t o  each end. 
~ ~~ 
*The r e t r a c t i o n  d r i v e  system (1.004 pound) is  included as p a r t  o f  t h e  drum 
weight .  
11 
I 














Figure 3 Drum-Beam Guide Support 
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1 
Ws = 6.308/2 = 3.154 pounds/end = W 
b .  D r u m  Assembly 
(1) Retract ion Drive Motor 1.004 pound 
(2)  S o l a r  Cell  I n s t a l l a t i o n  44.627 pounds 
(3) Wrap D r u m  Assembly 9.400 pounds 
(4) Fznel Assezbly 8.731 pounds 
(5) Guide Sleeve Mount (SO%, 1.564 pounds) 0.782 pound 
TOTAL 65.544 pounds 
The weight w i l l  be d i s t r i b u t e d  50% t o  each end as above. 
w2 Ws = 64.544/2 = 32.272 pounds/side - 
The dynamic response w i l l  b e  ca l cu la t ed  by means of a 2 x 2 matrix assum- 
ing  t h e  masses concentrated as shown i n  Figure 3 and equa l ly  d i s t r i b u t e d  
t o  t h e  s i d e  beams. 
= inf luence c o e f f i c i e n t  f o r  d e f l e c t i o n  at  p o i n t  "i" due Ki j 
t o  load a t  point l l j l l .  
1 3  
- 
(1) IIA - IIB, s i n c e  t h e  motor mounting case i s  very s t i f f  
P = P  = P / 2  1 2 A  
A = WL5/48EI 
L1 = 5.0 inches,  L = 6.0 inches 
2 
I = (2) ( .SO - .04) (.04) (.40 - .02) 2 + (.04) (.8)3/12 
X 
= .007034 IX 
14 
A 1  = (PA/2)L:/48EI 
A l  = P(S.0)3/96 (6.5)  ( l o6 )  (.007034) = 125 PA/4.3892 ( lo6 )  
A 2  = (6 .0)2  PA/4.3892 (lo6) = 216 P/4.3892 (10) 6 
AtAl = ( A + A 2)/2 = (125 + 216) Pi2 (4.3892) 
10 6 = 3.885 PA/10 6 
This i s  for  both ends. 
A Al = (2) (3.885) P/10 6 = 7.770 PA/10 6 for one end. 
I5 = b h 3 /12 = . 2 4  (1 .00 )  3 /12 = .0200 eq 
Lg = 4 .00  inches ,  assumed simply supported. 
A Fg = PFLi/48EI 
A F3 = PF (4 .0 )  3 /48 (6 .5 )  (10 6 ) ( . 02 )  = 10.256 PF/10 6 
I 
2 
I 3  = (1.7513 ( .08 ) /12  + 2 ( . O S )  ( . 56 )  [(1.75 - .O8)/2] (3) 
Ig = .0982 4 w h -  t = . m  
15 
= .035729 + .111556 ( .5) - .091507 I2 
= .035729 + .111556 (.45) = .085479 I4 
A M F A  For a load at point "A1', 
- 
' c a n t  + LA 'C A A2 
= (P/2)LA/3E12 3 + (LA) M L /3E13 A A2 0 CD 
Mg = (PALA/2) 
2 
A A2 = /6E)(LA/12 + LCD/13) 
= [P (3.17)2/6 (6.5) 10 '1 [3.17/ .091507 + 4.5/.0982] 
= 20.733 P/106 
A F1 = L 8 = L M L /6E13 = PLAL4LCD/12E13 4 D  4 0 C D  
AF1 = P(3.17) (4.5) (2.87)/12 (6.5)106 (.0982) = 5.345 P/106 (Pos . )  
A = KF KP K =  A / P  
(Pos .) 6 = (7.770 + 20.773)P/10 'A = 'A1+ 'A2 
6 = AA/P = 28.503/10 K1 1 
K2 1 
6 - 
12 - A F1/P = 5.345/10 = K 
16 
For a load a t  poin t  "F", 
- 
+ LFeD = P L ~  3 1 6 ~ 1 ~  + P L ~  2 LDC/6E13 ' F 2  - A cant  
A F2 = [P (2.8712/39 (lo6)] [ 2.87/.085479 + 4.5/.0982] 
= 16.769 P/106 
= L 0 = L (PL L /6E13) = A F3 A3 A C  A F C D  
- 
= 27.025 PF/10 6 (Pos.) 
= (16.769 + 10.256) PF/10 6 ' F  - ' F 2 +  'F3 
6 K22 = A F/PF = 27.025/10 
S u b s t i t u t i n g  i n  matr ix ,  
(3.154) 5.345 (32.272)] [ 111 
5.345 (3.154) 27.025 (32 2 7 2 )  
Poin t  111" Point "A" and Point "2" = Point "F" g = 386.1 
1 172.494 16.858 872.151 
Solving t h e  fundamental mode shape by r e i t e r a t i o n ,  t h e  normalizing f a c t o r  
and normalized mode shape i s  found t o  be,  
17 
' 0  2 6 w /g(10 ) = 1/875.85 
fn = w/2~=(1 /2  T) J386.1 (106)/875.85 = 105.7 cps 
Before t h e  design was changed, the above frequency was 79.6  cps ,  ( see  
Reference 1 ) .  The e f f e c t  o f  t h e  increased  frequency r e s u l t i n g  from t h e  
design chmge se rves  t o  reduce the dynamic d e f l e c t i o n  of  t h e  d r i v e  system 
mass. However, s i n c e  t h i s  frequency a l s o  i n d i c a t e s  motion o f  t h e  wrap 
drum mass, which was previous ly  f ixed  at  t h e  c e n t e r  o f  t h e  mount b o l t  
p a t t e r n ,  cons idera t ion  w i l l  be  given t o  e f f e c t  on loads i n  t h e  wrap 
drum s p i n d l e ,  drum end p l a t e s  and t h e  spacec ra f t  mounts. 
be presented  i n  t h e  f i n a l  r e p o r t .  
This d a t a  w i l l  
2 . 2 . 2  Drum End P l a t e  S t r e s s  Analysis 
The drum end p l a t e  c o n s i s t s  of  the honeycomb end p l a t e  and an a t t a c h  
hub f o r  mounting t h e  end bear ings ( see  Figure 4). Since t h e  degree of 
f i x i t y  t o  t h e  drum i s  dependent on redundant suppor t ing  s t r u c t u r e ,  con- 
s e r v a t i v e  assumptions a r e  made for  s t r e s s  c a l c u l a t i o n  purposes.  
used for  a n a l y s i s  are taken from t h e  Second Quar te r ly  Report, Sec t ion  
2 . 2 . 3 . 2 ,  pages 37-40. 
Loads 
Considerat ion is  not  given i n  t h i s  r e p o r t  t o  e f f e c t s  of p o s s i b l e  increased  
loading  wi th  t h e  wrap drum, now loca ted  e c c e n t r i c a l l y  with r e spec t  t o  t h e  
spacec ra f t  mount b o l t  p a t t e r n .  
r e p o r t .  
This e f f e c t  w i l l  be d iscussed  i n  t h e  f i n a l  
Hub Analysis 
PN = Pu/n + M /n h 
0 2  
n = 6 b o l t s  
2 b o l t s  "2 = 
h = DB COS 30" = 2.4  (.86603) 
18  
t = .250 
HONEYCOMB 
END PLATE 
t = .025 
t = .045 !z 
Figure 4 Cross Sec t ion  of  Drum End P l a t e  
19 
h = 2.078 
PAX = 814.99 l b . ,  l i m i t  
PR = 715.68 l b . ,  l i m i t  
Mo = d P = 1.05 PR 2 R  
PN = 814.99/6 + 105 (715.68)/2 (2.078) 
PN = 316.66 l b . / b o l t  
Sect ion "A-A", d = .28  3 
fb = 6M/bt 2 = 6 Kd3 PN/bt 2 
MS = KSd3PN KS = 1 .00  
MF = KFd3PN K = .5 F 
20 
Use K = .80, equal t o  40% edge f i x i t y  a t  PN. 
fb = (6) (.80) ( .28)  (316.66)/( .9)  ( .16) 2 = 18,472 p s i ,  l i m i t  
F = 20,000 p s i ;  AZ31B - H24 magnesium 
Shear, 
t Y  
f = 
= 15 Ksi F 
KPN/As = KPN/bt = 1.5 (316.66)/ .9(.16) = 3,299 p s i ,  l i m i t  
S 
= 16 (20 Ksi/34) = 9,400 p s i  
Fsu S Y  
M.S. = F /f =1 = 20/18.472 -1 = +.08 l i m i t  - 
t Y  by  
End P l a t e  Analysis 
The p l a t e  is  considered as a f ixed  hub, p a r t i a l l y  f ixed  (20%) a t  t h e  o u t e r  
edge. 
and i s  c a l c u l a t e d  as fol lows:  
Maximum stress occurs at the  inne r  edge, t h e  hub a t t a c h  a rea  ( r  = b) , 
Reference 3, pages 42 ,  61.  
I 
I 
Dimension "b" i s  assumed t o  b e  1.5 inches s i n c e  t h e r e  i s  a 3.0 inch diameter 
r e i n f o r c i n g  pad on t h e  honeycomb face  s h e e t .  
a /b  = 6.0/1.5 = 4.0 
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(1) For a x i a l l y  loaded p l a t e ,  
(a) fb = KFP/h 2 = 6 M /h2,  KF = .933 (Case 6 o f  Ref. 3) 
(b) fb = KssP/h2 = 6 MEQ/h 2 , KSS = 1.514 (Case 8 o f  Ref. 3) 
EQ 
For 20% o u t e r  edge f i x i t y ,  
K = K - -20 (Kss = KF) = 1.514 - .20 (1.514 - .933) = 1.398 ss 
2 2 fb = KP/h = 6 M /h 
EQ 
M = KP/6 = 1.398 P/6 = .233 PAX 
EQ 
2 2 = 2tFd For honeycomb, I = 2 Ad 
c/I = I tC  + 2tf)2]  / ktf ( t f  + t c )  /4 2 1  
c/I = (tc + 2 t f ) / t  (tf + t ) 2 f C 
For t C = 1.00, t f = .032 PAX = 815 l b . ,  l i m i t  
2 c/I = 1.064/(.032) (1.032) = 31.22 
fbl = M c/I = (.233 PAX) (31.22) EQ 
= + 5,929 p s i ,  l i m i t  a t  r ad ius  l'btl, r a d i a l l y .  f b l  -- 
(2)  For moment loaded p l a t e ,  
M = PRd = 715.7 (1 .OS) inch l b .  , l i m i t  
0 
(Reference 4 ,  pages 194 and 216 f o r  f u l l  t h i ckness  p l a t e ,  
Cases 5 and 10. ) 
22 
= BM/ah2 = 6 M /h 2 
fb 2 EQ 
M = BM/6a 
EQ 
-I.& b / a  = 1.5/6.0 = .25 B = 5.00, e s t .  
M = 104.41 inch l b . ,  l i m i t  
EQ 
Then, f o r  honeycomb 
fb2 = MEQ (c / I )  = (104.4) (31.22) = + 3,259 p s i ,  l i m i t  -- 
fb = fbl + fb2 = 5929 +3259 = + 9,188 p s i ,  l i m i t  a t  r ad ius  f % f f  
a t  junc tu re  o f  3.0 diameter - .OS0 r e in fo rc ing  r i n g .  
-- 
For 7075 aluminum face p l a t e ,  
M.S. = F /f -1 + High 
t Y  b 
S t r e s s  a t  o u t e r  edge is ca l cu la t ed  as fol lows,  assuming an ou te r  edge 
f i x i t y  o f  80%, 
2 fb = 6M/h2 MEQ = fbh /6 
a/b = 6.0/1.5 = 4.0,  R n 4 .0  = 1.38629 
C 
M EQ = ( . 20  P,/T) 1 - 2 (1 .5)2 (1.38629)/6.02 - 1.52]] 
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c / I  = ( t c  + 2 t f ) / t f  ( t f  + tc)’  = 1.05/(.025) (1.025) 2 
c / I  = 39.98 
( c / I )  = .0754 (815) (39.98) f b l  = *EQ 
= + 2,457 p s i ,  l i m i t .  This i s  low f o r  hub bending; assume b b i  -- 
a r a t i o  of  d i s t r i b u t i o n  i n  proport ion t o  t h e  a x i a l  bending 
stress. 
fb2 = f t b 2  ( fb l / f lb l )  = 3259 (2457/5929) = 1,351 
= 2457 + 1351 = + 3,808 p s i ,  l i m i t  fb  = f b l  + fb2 -- 
2.2 .3  Subs t r a t e  Attach Tab S t r e s s  Analvsis 
The following ana lys i s  i s  conducted f o r  poss ib l e  loads t r a n s f e r r e d  t o  the  
f l a t t e n e d  beams, through t h e  a t tach  t a b s .  This can occur during drum 
a x i a l  v i b r a t i o n  of t h e  stowed panel;  see  t h e  Second Quarter ly  Report, 
Sec t ion  2.2.5.1.  
One Layer, 0.002 Silicone 
Coated Fiberglass 
3 Layers,  0.001 Kapton 
.75 
Solar  Cells 
Kapton Stabilized By 
Aluminum Electrical  Bus 
P = 10 l b s . ,  l i m i t  
= 70 l b s .  , / i n . ,  i n  warp d i r e c t i o n  f o r  t h e  f ibe rg la s s  
’allow. 
t a b ,  Reference 5 .  
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' 0  10 - = 10 p s i  P - - =  fs [adhesive in \  - area 1 x 1 -  
\bus a r e a  
= 20 p s i  10 - -  - P area 1 x .5 - adhesive at  
beam a t t a c h  
F = 138 p s i ,  Ryan tes t  d a t a  (see Sect ion 2.1.3.2,  Table 2 )  
S 
M.S. = +High 
l ' h i s  cond i t ion  w i l l  e x i s t ,  assuming t h a t  such r e s t r a i n t  p rov i s ions  are 
necessary f o r  t h e  a x i a l  v ib ra t ion  cons ide ra t ion .  Analysis a l s o  i n d i c a t e s  
t h a t  a similar load magnitude w i l l  develop with r e spec t  t o  t h e  panel under 
an end-on s o l a r  f l u x  condi t ion.  
cannot b e  resolved u n t i l  an a x i a l  v i b r a t i o n  test  i s  conducted on t h e  
stowed panel .  
e x i s t s  between adjacent  panel wraps on t h e  drum (array i n  stowed condi t ion)  
t o  l i m i t  r e l a t i v e  displacement of panel  wrap(s) during v i b r a t i o n .  
The need f o r  such r e s t r a i n t  p rov i s ions  
This w i l l  determine i f  s u f f i c i e n t  a x i a l l y - d i r e c t e d  f r i c t i o n  
2 . 2 . 4  DeDloved Panel Dvnamics 
Cant i levered Panel Mode 
Th i s  a n a l y s i s  ref lects  t h e  s t i f f n e s s  values o f  t h e  beams which were made 
f o r  t h e  f u l l  scale demonstration model. 
depth of 1 .5  inches r a t h e r  than 1 .7  inches shown on t h e  engineer ing 
drawing. 
These p a r t s  developed a f u l l  
I 
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/ 3 8 .20  - ROOT S U P O R T Y '  - 75 - r 
509.58 
t= 519.37 - 9.79 = 509.58 - DRUM 5 
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Dis t r ibu ted  weight on beam, 
S o l a r  Ce l l  I n s t a l l a t i o n  
Subs t r a t e  and Beams 
Tip In t  ercos t a1 
44.50 l b .  
8.46 l b .  
0.28 l b .  
TOTAL 53.24 l b .  
The above weight is assumed d i s t r i b u t e d  over  t h e  length o f  t h e  two beams, 
s t a r t i n g  at t h e  r o o t  suppor t .  
cons ide ra t ion  i s  t h e r e f o r e  considered t o  be  512.0 i n c h e s .  
The effective beam l eng th  f o r  dynamic 
w = 53.24/(2) (49. .OS3778 l b  . / i n .  /beam 
d = 509.58 - 8.75 - 8.20 = 492.63; u se  495 inches .  
The c ross - sec t ion  a t  t h e  r i g h t  
has  been scaled from a sample 
beam and modified s l i g h t l y  t o  
conform t o  t h e  d e t a i l  drawing 
of t h e  beam. 
I L*35R4 
I 
For  t o p  h a l f  beam, 
L = 3.00/2 = 1 .5  
L = .18 + .15 + (R1 + R2)  a + w = 1 .5  1 
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a 
h = .72 = (R1 + R2) (1 - cos a) + w1 s i n  a 
1.5 - .18 - .15 = (R + R ) a + w1 = (R1 + R2) (a0~ /180)  + w1 1 2  
= (R1 + R2) (anl l80)  + w1 = 1.17 
(R1 + R2) (1 - cos a) + w s i n  a = .72 1 
(R1 + R ) = .56 + .19 = .75 2 
a (.75) (n/180) + w1 = 1 . 1 7  1 
1.01309 (a) + w1 = 1.171 - 
( .75) (1 - cos a)/sin c( + w1 = .72 /s in  a 
- .01309 a + ( -75)  (1 - cos a ) / s i n  a = .72/s in  a -1.17 
( -75)  (1 - cos a) + s i n  a (1.17 - .01309 a) = .72 
Solving t h e  preceding equat ion by t r i a l  and e r r o r ,  
a = 64' 03' = 64.05' 1 
w1 = 1.17 - .01309 (64.05) = .33159 
W = .18 + (R1 + R ) s in  a + w cos a 2 
W = .18 + .75 (.89918) + .33159 (.43759) + .15 = 1.1495 
For lower h a l f ,  
R + R = .68 + .35 = 1.03 
W = 1.1495 = .15 + w2 cos a + (R 
3 4  
+ R ) s i n  a 3 4  
w2 cos a + 1.03  s i n  a = .9995 
L = 1 . 5 =  . 1 5 +  ( R  + R )  a + w  2 3 4  
= 1.35 -1.03 (0.~/180) w 2  
w = 1.35 -.01798 a' S u b s t i t u t e  i n  (3) 
(1.35 - .01798 a") cos a + 1.03 s i n  a = .9995 
2 
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Solving by r e i t e r a t i o n ,  
= 69" 48' = 69.8' 
w = 1.35 - 01798 (69.8) = .0950 2 
= (R 2 3 h + R4) (1  - cos a) + w2 s i n  a 
= 1.03  (.6547) + .0950 1.93849) = 764 
Calculation of t he  moment of i n e r t i a l  fo r  a t h i n  c i r c u l a r  arc, 
/ \ 
a1 = 64.05' t = .003 
a2 = 69.80' 
R = .56 R = .19 
R7 = .68  R = .35 
2 4 
9 
W = .33159 W8 = .0950 3 
A = 2(3.0) (.003) = .018 i n . 2  = 
f = R s i n  a/a 
I 
Inax - I X O  
A = aRt 
I 
= (R  3 t / 2 )  [ a  - ( s in  2a) /2]  
= ( ~ ~ ~ / 2 )  [ a  + ( s i n  2a/2 xo 
3 2 - = ( R  t / 2 )  (2 s i n  a/a) 
x = (R/a) (1  - cos a) 
I 
y2A = ( R  s i n  .)/a aRt 







Ix t a b u l a t i o n  : 
a s i n  a s i n  2a - Y dI xo 
I Ai C d2 C Ad2 
A c -  d- t x  
2 64.05 .89918 .78694 .45044 .lo956 .13271t .62602t -.19089 -.119503t .068587 
3 .46403 .00246t .33159t +.21532 +.071399t .153868 
4 64.05 -89918 .78694 .15283 .53000 .00518t .21240t +.28090 +.059663t .145033 
.15000t +.51840 +.077760t .108000 5 -72000 
7 69.80 .93849 .64812 -52385 .15615 .24247t .82840t -.25004 -.207130t -.129355 
8 .48977 .00006t .09500t +.022788t -.046528 
9 69.80 .93849 ,64812 .26963 .41400 .03306t .42638t +.17140 +.073080t -.291486 
.41594t 3 .0 t  - .021943 .008119 
s i n  2a = s i n  (2) (64.05) = s i n  128.1' = s i n  180 - 2a1 s i n  51.9' 1 
sin 2a - s i n  180 - 2  (69.8) = s i n  40.4' 2 -  
(2) 7 = R s i n  a/a = .56 (.89918)/(64.051~/180) = .56 (.89918) 180/64.051r 
(4) 7 = . I9  (.89918) 180/64.051~ = .19 (.89918) (180)/201.21948 
(7) 7 = .68 (.93849) 1 8 0 / 6 9 . 8 ~  = .68 (.93849) (180)/219.28368 
(8) 7 = .35 (.93849) 180/69.81~ 3% -
(2) d = R2 - 7 = .56 - .45044 
(3) d = R2 (1 - cos a) + w1 s i n  a /2  = .56 (1 - .43759) + .33159 (.89918)/2 
(4) d = h - R = .72 - .19 = .53 4 
- 
(7) d = R7 - y 7  = .68 - .52385 = 
(8) d = R7 (1  - cos a) + w 2  s i n  4 2  = .68 (1 - .34530) + .0950 (.93849)/2 
(9) d = h - R = .764 - .35 9 
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(2) Ixo = (R3t/2) [a + ( s i n  2a)/2 = (.56 3 t / 2  64 .05~/180 + .78694/2) 
I X O  = (.563 t / 2 )  [1.11789 + .78694/21 
3 (3) Ixo = bh /12 b = t / s i n a  h = w s i n  a 
= t w 3  2  s i n  a/12 = t (.33159) 3 (.88918) 2 / 1 2  
(4) Ixo = ( . I 9  3 t / 2 )  11.11789 + .78694/2) = (.1g3 t / 2 )  [1.!51136) 
(7) Ixo = (.6g3 t / 2 )  [69.8n/180 + 64812/2] = .683 t / 2  (1.21824 r + .32406] 1 
(8) Ixo = t w 8  3 2  sin a/12 = t (.095) 3 (.938k9) 2 /12 = .00006 
I X O  
3 
(9) Ixo = ( .35 
(2)  A = R2 al t = .56 (1.11789) t = .62602t 
(3) A = 
(4) A = a R t = .19 (1.11789) t 1 4  
(7) A = .68 (1.21824) t 
(8) A = .35 (1.21824) t 
t / 2 )  (1.5423) = .03306t 
w3t 
(2) CAd2 = A2 (d 2 - y,) - 2  = (-10956' - .45044 2 ) 
(7) C A d  2 = A7 (d7 2 - 7;) = (.15615 - .52385 2 ) 
(4) dxo = (dT4 + y i )  = (-53000 + .15283) = .68283 
(9) dxo = (dT + f) = (.41400 + .26963) = 
hT = h + h2  = .72 + .762 = 1.484 1 
- 
= ZAdbA = .008119t/3.0t = .002706,very small YNA 
2 -2 
INA = 2 [ZIxo + Z A ~  - YNA @A)] 
= 2 1.41594t -0 .021943t = .0027062 (3t)J 
- .788t [does not  inc lude  doublers,  Reference page 32) Check case f o r  1.375 d i a ,  INA - - 
3 3 I = nR t = T (1.375/2) t - (8.1669/8) t = 1.0209t 
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6 f = C , E = 14.9 (10 ) ,  t i t an ium a t  350’ n 
w = .OS3778 l b / i n ,  Reference, p .  26, I = (.95) (.788) t ,  L = 495 
fn = .560 4 8 6 . 1  (14.9) lo6 ( .95)  (.788) (.003)/.053778 (49S4) 
f = .0358 cps n -  
K, fN1  = K I1 REQ 
For fn = .OS0 = 41 
/I = (f /f ) 2 = (.050/.0358) 2 = (1.4)2 = 1.96 IREQ 1 N N 1  
Tests on Beam (Prototype) 
A t  suppor t ,  h = .78 
F u l l  depth,  h = 1.50 
% f u l l  open = .78/1.50 = .52  
% I at 52% open. Use 50% maximum, .75 average. 
Tes t s  of a c t u a l  beam show, (I, = .7511), 
L1 = 495 - ( 2 6 . 0  - 8 . 5 )  = 477.5 
From p .  33, using new l i m i t s ,  
A = (w/8E) [477.54/11 + (4954 - 477.S4)/.751,)l 
A = (w/8E11 [519.8685 (lo8) + (600.3725 - 519.8685) 1o8/75] 
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8 A = 627.2071 w10 /8E11 
/I  = (600.3725) /627.2071 A 1 1 ' 2  = IRED 1 
A d A  2 = IRED 1 / I  = .957 
Adding doublers t o  b a s i c  s e c t i o n ,  
EAd 2 = ( .3 )  t (.72 + .003)* + 2 ( .2 )  t (.71) 2 = (.1568 + .2016)t 
I = I + CAd2 = (-788 + .1568 + ,2016) t = 1.1464t 
0 
Assuming 100" of inc rease  I and root  reduct ion  as p e r  p .  33, 
395 477.5 
= (w/8EIo) J [x4] + IN4/ (1.1464/.788) 
395 
A 2  
+ [ X  4 / .75 (1.1464/. 788)477. 
A 2  = (w/8EIo) [39S4 + (.6874) (4;7.s4 - 39S4) + .9165 (49S4 - 4 7 7 . ~ ~ 1 1  
A = (wlO8/8EIO) (507.239) 
A 1/ A = I / I  = (600.373/507.293) = 1.183 
EQ 1 
fn = (1.1835) 'I2 (.056) (.655) Ref: p .  31, 
(1.088) (.056) (.655) = .04 cps 
Use a doubler  out t o  125 inches t o  increase  s t i f f n e s s  and raise frequency. 
Second, t h e  reduct ion  of t h e  equivalent  I ,  (moment of  i n e r t i a ) ,  by 25% 
over  t h e  root  length (8.5" t o  26.0"), Reference p .  31, i s  on t h e  conservat ive 
s i d e .  
s t r a i g h t  l i n e ,  and 50% reduction of  moment a t  roo t  (8.5") i s  probably a l s o  
conserva t ive .  
This i s  because t h e  beam depth increases  exponent ia l ly  r a t h e r  than 
Torsion and panel modes are considered t o  be h igher  than ca l cu la t ed  fo r  
t h i s  can t i l eve red  mode and t h i s  d a t a ,  except f o r  t h e  prel iminary ana lys i s  
given on t h e  next page, w i l l  not be presented u n t i l  t h e  f i n a l  r e p o r t .  
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Prel iminary Analysis ,  Torsion Mode 
W lb. /in. 
i IC.)) I ?-+)v M= 
I 
I 
For cons tan t  I 
0’ 
4 A =  W L  / 8 E I o  
For a reduced I a t  root 
E = 13.0h - 8.75 
= 13.0 (1.69) -8. 
A = Mmdx/EI 
section, 
,75 13.0 wx2 
2 
I A = (w/8E) [[x4/10]r2 + [x4/12]4g5/= ( ~ / 8 E ) [ J 8 2 ~ / 1 ~  + 60.628(10 8 )/Iz 482 
Assuming a reduct i6n  i n  moment o f  i ne r t i a ,  
h = .80h0, test d a t a  r 
IR = .8010 (average) 
I A 2  = (w/8EIo) 8 539.744 (10 ) + 60.628 (108)/.8 
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8 A = (w10 /8EIo) (539.744 + 75.785) 
8 A 2  = 615.570 ~ 1 0  /8EI 
0 
4 A = (w/8EIo) (495) = 600.373 w108/8EI 
A l / A  = 600.373/615.530 = .975 
L e t t i n g  A = WL 4 /8EIR = 495 4 w/8EIRED = 615.570 w108/EIo 
.975 Io 
f n = C G4= -= 3.515 7 386.1/8 / ~ I T / A ~ ~  
5 fn = 3.886/ A ST 
2.2.5 S o l a r  Cell I n s t a l l a t i o n  
No a d d i t i o n a l  s t u d i e s  or ana lys i s  were performed i n  t h i s  r epor t ing  p e r i o d ,  
A l l  support ing a n a l y s i s  has been r epor t ed  i n  References 1 and 2. 
2 . 3  WEIGHT ANALYSIS 
The c a l c u l a t e d  weight breakdown presented he re in  ref lects  t h e  prel iminary 
estimates o f  t h e  effect  o f  t h e  design changes t h a t  were made during t h i s  
r e p o r t i n g  pe r iod .  
wrap drum a x i s  with r e spec t  t o  the mounting arrangement a t  t h e  ends and, 
t h e  r e v i s e d  mechanism concept f o r  d r i v i n g  t h e  beams and c o n t r o l l i n g  
t e n s i o n  i n  t h e  wrapped s u b s t r a t e .  
These consis ted o f  t h e  change i n  t h e  p o s i t i o n  o f  t h e  
For comparison, where weight estimates have changed, t h e  weight values 
as r e p o r t e d  i n  t h e  second q u a r t e r l y  r e p o r t  a r e  noted i n  "brackets".  
o r i g i n a l  es t imated weights t h a t  were e s t a b l i s h e d  f o r  design con t ro l  
purposes a r e  l i s t e d  under "Target Weights". 
The 
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Calculated weights a r e  based on nominal s h e e t  th icknesses  and drawing 
t o l e r a n c e s .  
The power t o  weight c a p a b i l i t i e s  o f  t h e  s o l a r  a r r a y  a r e  ca l cu la t ed  
consider ing var ious s o l a r  c e l l  power output  l e v e l s ,  combined with nominal 
and maximum expected s o l a r  a r r ay  weights.  These values  e s t a b l i s h  a 
reasonable  envelope of obta inable  performance and i n d i c a t e  t h a t  t h e  
o b j e c t i v e  of t h e  con t r ac t  can be achieved. 
c a l c u l a t i o n s  i s  : 
The equat ion used f o r  t h e s e  
(Cel l  Output) (Gross Cel l  Area) watts/pound = (Nominal Array W t  .) (K) 
Cel l  output  values  remain as reported i n  the  second q u a r t e r l y  r e p o r t .  
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TABLE 5 
DRUM SUPPORT AND G U I D E  SLEEVE MOUNT ASSEMBLY 
Item 
2 .  S l i d e  Guide F i t t i n g  
1. Support Channels 
3 .  
4 .  
5. 
6 .  
7. 
8. 
9 .  
0 .  
1. 
2 .  
3 .  
4 .  
S l i d e  Guide J 
S l i d e  
S l i d e  Retaining Angles 
Bulkhead and Adjustment Screws 
Springs 




H e l i c o i l  Inserts 
Retaining Screws 
Stop Mechanism 
Cal . W t  . 
Yachined 
























~ ~~ ~ 
1.564 (1.891) 1.176 
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TABLE 6 
BEAM G U I D E  SLEEVES 
Item 
1. 
2 .  
3.  
4.  
5 .  
6 .  
7 .  
8. 
9 .  




14 .  
~ ~ ~- 
Side  Plates O / B  
Side Plate I / B  
Top Plates 
Bottom Plates 
End Plates I / B  
End Plate O/B 





Top Plate (Support) 
Support (Guide Inser t )  
Angles (Clutch End) 
























TOTAL 1.1903 (1.4847) 









WRAP DRUM ASSEMBLY 
Item 
1. 




6 .  
7. 
8 .  
9 .  
10.  
11. 









2 1 .  
Skin (Mag.) 
Intermediate  Rings 
Harness Retaining Ring 















I n s u l a t o r  
Con t acts 
Screws 
TOTAL 
Cal . W t  . 






























SPACECRAFT MOUNT ASSEMBLY 
~ 
Cal . W t  . Alumin. 
Support S t ruc tu re  
Item Concept 
1. 
2 .  
3. 
4. 
5 .  
6.  
7. 
8 .  
9 .  
10.  
11. 
1 2 .  
Top and Bottom Plates (.025) 
Side Plates (-025) 
Internal Bulkheads ( .025) 
Closure Angles 
Spacecraf t  Mount F t t g ' s  (1) 
D r u m  Mount F t t g ' s  (4 1 
Center Attach F t t g ' s  (2) 
Truss Tubes (4 1 
Center T r u s s  Tubes (2) 
Truss Pins (12) 
Fasteners Attach F t t g ' s  (24) 
(#6 alum. huckbol ts)  































~ - _ -  ~~ 








2 .  
3. 
4. 
5 .  
6 .  
7. 
8. 




Subs t r a t e  (0.001 Kapton) 
Subs t r a t e  (0.001 Fiberg lass )  
Substrate-Beam Attach Medium 
(Si l icone  Impregnated 0.004 
Fiberg lass )  
Subs t r a t e  I n t e r s h e e t  Attach 
Medium (S i l i con  Impregnated 
0.004 F ibe rg la s s )  
Side Beams (Basic) 
Tip Int ercos t a1 
Stop Damper Pad 
Subs t r a t e  Doublers (240) 
Drive S t r i p s  (1/2” Wire) 
Damper Pads 
Adhesive (Item 10) 
Outer Wrap B l a n k e t  
Cal. W t .  Kapton 






























4 .  
5 .  
6 .  
7. 
8.  
9 .  
10. 
11. 





Drive Motor and Pinion 
Motor Brace 
Motor Mount 
I d l e r s  
Torque Tube Shaft  
Drive Sprockets 
Torque Tube End Caps 
Torque Tube 
Torque Tube Support 
Bushings and Retainers 
Roll  Pins  
Attach Bolts  (Shaft)  
A t  t ach  Bo1 ts  (Motor) 
L i m i t  Switch and Drive 
Electrical Wiring 
SUBTOTAL 
Ret rac t ion  System 
16. Ret rac t ion  Drive Motor 
17 .  Drive Shaft-Pulley 
18. D r u m  Pul ley and Clutch 
19. Spring Belt 
20 .  Belt Retainer 
21 .  Fasteners 
SUBTOTAL 









































Array Subassembly Item 
D r u m  Support and Guide 
S1 eeve Mount Ass emb l y  
Beam Guide Sleeves 
Wrap D r u m  Assembly 





Cal . W t  . 















TOTAL STRUCTURAL WT. 30.492 (30.193) 28.886 
S o l a r  Cell  and E l e c t r i c a l  
I n s t a l l a t i o n  W t .  (2 x 2 x 
0.008 with 0.003 CG. - 
250.7 f t 2  @ 0.178 l b / f t 2 )  
10TAL ARRAY WT. 
44.627 47.636 
75.119 (74.820) 76.522 
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Power/Weight Summary 
The watts/pound c a p a b i l i t y  of t h e  s o l a r  a r r a y  conf igu ra t ion ,  as inf luenced  
by t h e  var ious cons idera t ions  discussed i n  t h i s  s e c t i o n ,  i s  determined as 
follows : 
a. Nominal s o l a r  a r r a y  weight with 10.0 watts p e r  square foot  s o l a r  
cell  power output .  
Watts/Pound = (lo) 75. (250-72) 1p9 = 33.38 
b .  Maximum s o l a r  a r r a y  weight which allows f o r  a 5% growth of  t h e  
a r r a y  during d e t a i l  design and a 4% t o l e r a n c e  f o r  m a t e r i a l  and 
f a b r i c a t i o n  to l e rances  with power a t  10 wat t s / square  f t .  
= 30.57 (75.119) (1.04) (1.05) -
(10) (250.72) Watts/Pound = 
Ryan Se lec t ed  Configurat ion:  
c. S o l a r  Array with 
1 )  Nominal weight - 75.119 pounds 
2) 2 x 6 - 0.008 c e l l s ,  0.003 coverglass  with power output  o f  
10 .3  watts/ft  2 which i s  more c o n s i s t e n t  with t h e  design,  
(10'3) (250.72) = 34.38 
75 - 119 Watts/Pound = 
d. Maximum s o l a r  a r r a y  weight as  def ined  i n  c.2 above with power output 
o f  10 .3  watts/ft . 2 
(10'3) (250.721 = 31-48 
Watts/Pound = (75.119) (1.04) (1.05) -
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Figure 5 Power/Weight Monitor 
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2.4 TESTING-STOWED PANEL VIBRATION 
A test  was conducted t o  determine t h e  e f f e c t s  o f  var ious l eve l s  o f  s inu-  
s o i d a l l y  induced v ib ra t ion ,  up t o  4g (0 - pk) ,  on (1) stowed panel wrap 
mode shapes, (2) degree of  damping provided by varying number of  panel 
wraps, (3) l i n e a r i t y  o f  natural  f requencies ,  (4) wired solar ce l l  modules, 
a d  ( 5 )  t r a n s m i s s i b i l i t i e s  through wrap drum bearings and end p l a t e s .  
f u l l  s i z e  12-inch diameter x 86-inch long wrap drum was mounted i n  each end 
t o  r i g i d  aluminum end f i x t u r e s .  
f i x t u r e s .  
A 
Figure 6 shows t h e  t e s t  assembly and 
One-half o f  t h e  t o t a l  number of wraps were used f o r  reasons 
L o f  reduced c o s t s .  
s o l a r  cells ,  each wrap, and 2 cm x 2 c m  magnesium chips ( represent ing 
0.178 l b s / f t  
represented by use  o f  copper chips which were bonded t o  two wraps of  t h e  
1 m i l  Kapton s u b s t r a t e .  Results o f  t h e  t e s t  w i l l  be summarized and pre-  
sen ted  i n  t h e  f i n a l  r e p o r t .  
The t o t a l  mass was ac tua l ly  simulated using 1 f t  o f  
2 o f  s o l a r  c e l l  i n s t a l l a t i o n ) .  The balance o f  t he  mass was 
Figure 6 Stowed Panel Vibration Test Setup 
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3.0 FABRICATION-DEMONSTRATION MODEL 
Fabr ica t ion  of a full  s c a l e  demonstration model o f  t h e  s o l a r  a r r ay  began 
i n  t h i s  r epor t ing  per iod .  
251 square feet, f a b r i c a t e d  as 13 s u b s t r a t e  modules. 
w i l l  be  equiva len t  t o  t h e  de t a i l ed  engineer ing design t h a t  has been performed. 
The deployed s u b s t r a t e  a r e a  w i l l  be approximately 
Width and length 
The s u b s t r a t e  modules are being f ab r i ca t ed  from t h e  s p e c i f i e d  ma te r i a l  , 
one-mi1 Kapton. A facsmile  s o l a r  cell i n s t a l l a t i o n  w i l l  be used. Sub- 
st rate- to-beam attachment and the module-to-module j o i n t  arrangement 
w i l l  be  r e p r e s e n t a t i v e  o f  t h e  design of  t h e  type approval a r r a y .  
p a t t e r n  of interwrap damper pads w i l l  be bonded t o  t h e  Kapton s u b s t r a t e .  
A t y p i c a l  
The wrap drum shown i n  Figure 7 was f a b r i c a t e d  e a r l i e r  t o  support  v ibra-  
t i o n  tests and w i l l  now be  used i n  t h e  demonstration model. 
support  s t r u c t u r e s ,  s imula t ing  t h e  rev ised  support  concept discussed 
i n  Sec t ion  2.1.1, are i n  work. 
Wrap drum 
One o f  t h e  two deployable beams has  been formed and assembled; t h e  second 
is  i n  process  of cons t ruc t ion .  
long beam of 0.003 inch 6 AL-4V t i t an ium a l l o y ,  f u l l y  r o l l e d  up and p a r t i a l l y  
un ro l l ed .  
engage and d r i v e  t h e  beam on o r  o f f  t h e  wrap drum. 
used i n  t h e  manufacture of t h e  beams can be seen i n  Figures 10 and 11. 
Figures  8 and 9 show a fo r ty - f ive  foo t  
Figure 10 shows t h e  corrugated rack on which a p in ion  w i l l  
The s p l i c i n g  technique 
No manufacturing problems have been encountered t h a t  have not  been resolved.  
- "-- 
Figure 7 Wrap D r u m  Assembly 
47 



















Construct ion of  t h e  q u a r t e r  s c a l e  model demonstrated t h a t  improvements 
were needed i n  t h e  support  s t r u c t u r e  and s l i d e  ac t ion  of  t h e  drum sp ind le ,  
a l so  i n  t h e  d r i v e  system as it inf luences  t ens ion  i n  the  wrapped sub- 
s t ra te .  
Sec t ion  2 . 1 . 1 )  t o  overcome these  d e f i c i e n c i e s .  
A modif ica t ion  t o  t h e  design i s  necessary (as d i scussed  i n  
With incorpora t ion  of  those  improvements t h a t  have been noted,  it i s  
fe l t  t h a t  engineer ing designs and analyses  s u b s t a n t i a t e  t h e  Ryan concept 
as being wel l  s u i t e d  t o  t h e  ob jec t ives  of  t h e  program. 
confidence t h a t  t h e  30-watt/pound, power-to-weight r a t i o  can be achieved 
wi th  t h i s  concept.  
There is good 
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5.0 RECOMMENDATIONS 
No recommendations are made o the r  than  cont inua t ion  of  t h e  work planned 
t o  achieve t h e  design and performance ob jec t ives  o f  t h i s  c o n t r a c t .  The 
scope o f  work and Ryan's method of  approach a r e  s e t  f o r t h  i n  t h i s  
Con t rac to r ' s  program plan and i n  t h e  i n t e r i m  work accomplishment r e p o r t s  
t h a t  have been submit ted.  
t h e  manufacture of t h e  demonstration model and t h e  incorpora t ion  o f  t h e  
design improvements, as discussed i n  t h i s  r e p o r t ,  i n  t h e  model and i n  
t h e  d e t a i l  design and support ing ana lyses .  
I t  i s  t h e  Company's i n t e n t  t o  proceed with 
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6 . 0  NEW TECHNOLOGY 
The new technology d i sc losu re ,  reported i n  t h e  Second Quarter ly  Report, 
Reference 2,  concerning Application o f  Ultra Thin (1.3-mil) Coverglass 
on S i l i c o n  S o l a r  Cells, was formally submit ted 5 March 1968. 
prev ious ly  r epor t ed  as submit ted 19 January 1968. 
I t  was 
No o t h e r  items of a 'Wew Technology" n a t u r e  have been i d e n t i f i e d .  
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